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■t-miprovamantB in or relating to contrast aaanta" 

This invention relates to novel contrast agents, 
more particularly to n«v gas-containing or gas- 
generating contrast agents of use in diagnostic 
ultrasonic imaging. 


10 


It is vail known that ultrasonic iaaging comprises 
a potentially valuable diagnostic tool, for example, in 
studies of the vascular system, particularly in 
cardiography, and of tissue aicrovasculature. A vari ty 
of contrast agents has been proposed to enhance the 
IS acoustic images so obtained, including suspensions f 

solid particles, emulsified liquid droplets, gas busbies 
and encapsulated gases or liquids. Zt is generally 
accepted that low density contrast agents which are 
easily compressible are particularly efficient in terms 
of the acoustic baekscatter they generate, and 
considerable interest has therefore been shown in the 
preparation of gas-containing and gas-generating 
systi 


20 


33 


25 initial studies involving free gas bubbles 

generated la vivo by intracardiac injection of 
physiologically acceptable substances have demonstrated 
the potential efficiency of such bubbles as contrast 
agents in echocardiography; such techniques are severely 

3a limited in practice, however, by the short lifetime f 
the free bubbles. Interest has accordingly been shown 
in methods of stabilising gas bubbles for 
echocardiography and other ultrasonic studies, for 
example using emulsifiers, oils, thickeners or sugars. 


wo 80/02365 disci sea ths use f gelatin 
encapsulated gas microbubblea f r enhancing ultras nic 
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inag«s. Such aicrobubblaa do not, how«var, exhibit 
adequate rtability at th dimensions preferred fr .ua* 
in echocardiography (1-10 im) in viav f th extras* 
thinn*as of th* encapsulating coating. 

5 ep-A-0327490 discloses, ln^fiX AllA, ultraoonic 

contrast agents comprising a sicroparticulate aynthatic 
biodegradable polyser (*.g. a polyaatar of a hydroxy 
carbonic acid, a polyalxyl cyanoacrylate, a polyasino 
acid, a polyaside, a polyacrylatad aaccharida or a 
polyorthoaatar) containing a gas or volatila fluid (i.a. 
having a boUing point belov 60-C, in fro* or bondad 
for.. Esuleifiers say be esployd. a. stabilisers in tha 
praparation of «uch aganta, but auch esulsifiers do not 
chemically intaract with th* polyser. 


OS-X-4774958 di*cloa*a th* us* of aicrobubbl* 
dispersions stabilised by encapsulation in denatured 
prot ain, a.g. human nhs albumin (BSA) . Such sy^ 
20 permit th* production of microbubbl* systems having a 
stTof e.g. 2-5 /a but atill do not per^t «ffici*nt 
visualisation of th* l*ft heart and myocardium. 

Othsr ultrasound contrast agents using proteins as 
25 ancapsulating agents have been de^ibed in the 
literate*., for exa.pl. in BP 0359 248 (itolecular 
Biosy****), TO 4,832,941 (Kax-Planc* Gessellschaft) , us 
4,844,882 (Kolacular Biosystess), WO 84/02838 
(Flnsfin,, US 4,572,203 (Feinste in, , HP 0077 752 
30 sobering, , US 4,747,81* (Th. 

of California,, HO 80/02365 (RawrJ, US «< 774 ' 9 " 
(PaiMteinK US 4,718,433 (Feinste in,, «P 0224 934 
(Peinsteln, . 

35 Th. only prot.in-based ultrasound contr^ agent 

undar co^ial dev^op^t c.n.1^ of . «»P«-ion f 

gas-filled albumin, Albunex*, pr^>ared by sonicati n f 
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a a lution of albuain. 

Albuain baaad ultras und c ntrast aganta ara 
daacribad in tha following publications: - 

3 

Painstain at al. in circulation 7aa. 565 (1988), 
Raisnar at al. in Circulation 7aa. 565 (1988), Dick at 
al. in Circulation 78S. 565 (1988), Armstrong at al. in 
Circulation 7«a. 565 (1988) , Dasir at al. in Circulation 
10 788. 566 (1988) , Haidanraich at al. in Circulation 7aa. 
566 (1988), Xallar at al. in Circulation 7aa. 567 

(1988) , Bamhart at al. in Contrast Madia Rasaarch 

(1989) , Silvanan at al. in Circulation ftflft* 369 (1989), 
Silverman at al. in Circulation ftfli,. 349 (1989), Sagar 

15 at al. in Clin.Ras. 21*. 294 (1989), Haidanraich at al. 
in Circulation aoa. 370 (1989) , Raiser at al. in 
Circulation ftfla*. 370 (1989) , Haidanraich at al. in 
Circulation aoa. 566 (1989) , Shanda* at al. in 
Circulation fll, 95 (1990) , Cany at al. in circulation 

20 flifc 95 (1990), Ten-Cate at al. in Bur Haart J. 12-. 389 
(1989), Painstain at al. in Echocardiography ft* 27 

(1989) , Zota at al. in Eur Haart J. 1L 261 (1990), Tan- 
cats at al. in Bur Haart J. 1L 261 (1990) , Bamhart at 
al. in Invast Radiol 2sa. 162 (1990) , Keller at al. in 

25 J. Aa Soc Echo 2a. 48 (1989) , Blaakar at al. in J. Acoust 
soe Aa Alt 1792 (1990), Painstain at al. in J. Aa. Coll. 
Cardiol 1ft* 316 (1990), Raul at al. in J. Aa Coll. 
Cardiol Us. 19S (1990) , Blaakar at al in J. Ultrasound 
Mad it 461 (1990), Hilpart at al. in Radiology 173. 361 

30 (1989), and Shapiro at al. in J. Aa. Coll. lft* 1603 

(1990) . 

Hovsvar, as indicatad abovo, ultrasound contrast 
aganta baa ad on gas-filled protain microspharas ara 
35 unstaala In vivo , and thara is rooa for laprovaaant f 
such products. Sagar at al. hava, in Advancas in 
Echocardiography (Soptaabar 21-22 - 1989), eonoludad 


PCT/EP92/0071* 

WO 91/17213 

- * " 

that batch, mixing praaaura, mixing tina and madiua all 
af fact tha laft atrium contrast with auch pro tain baa** 
product*. 

5 Painstain at al. hava in J. Am. Coll. Cardiol 14* 

316 (1990) publiahad that irraapaetiva o£ doaa group, a 
cavity opacification with albumin microapharaa was saan 
in tha right vantricla in 88% of tha injactiona and in 
tha laft vantricla in 63% of tha injactiona. Shandaa t 

10 al. hava in Circulation £2* 95 (1990) raiaad quaationa 
about tha prassura ralatad stability of gas ftllad 
albumin microapharaa and Shapiro at al. hava racantly 
publiahad in J. Am. coll. Cardiol 14,. 1603 (1990) lack 
of ultrasound myocardial contraat anhancamant aftar 

15 administration of sonicatad albumin. 

Fainstain ham in BP 0224 934 on paga 4,8 and claim 
9, US 4,718,433 column* 3 and 5 and US 4,774,958 columns 
3 and 5 auggaatad chamical danaturation to atabiliaa 

20 albumin gas bubblas: 

•Tha microbubblas formad from 3% albumin may, in 
tha altarnativa, ba stabilisad to form a 
commarcially, clinically usabla contrast agant by 
traatmant with various chamical aganta which 

23 chsmically danatura, or -fix-, tha protain, and 

darivativa* tharaof . Chamical danaturation of th 
protein (or darivativaa) may ba aeccmpliahad by 
aithar binding tha protain with a protain-raactiv 
aldahyda, such as glutaraldahyda. For tha lattar 

30 procadura of atabiliting tha invantsd microbubbla 

contraat agant, tha microbubbla* may ba raactad 
with 0.25 grams of 50% aquaous glutaraldahyda par 
gram of protain at pH4.5 for 6 hour*. Tha traatad 
contraat agant la than gantly and axtanaivaly 

35 waahad to ramova aa much of tha unraactad 

glutaraldahyda aa poaaibla." 
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Vari us denaturing chemicals r cr Ml inking agents 
tor proteins have bean described in the literature. 
(See for example Methods Bnzymol 172. 584 (1989) and 
Chemical Reagents for Protein Modification, Volume II, 
5 pags 123, GRC Press Inc.) 

However it is important that any contrast agent 
should be rapidly eliminated from the subject in a short 
term after use, e.g. preferably having a half life of 

10 not mors than 48 hours. Cross linking by glutaraldehyde 
or formaldehyde may not always be effective in providing 
an adequate balance between stability during ultrasound 
visualisation and rapid elimination. The protein 
itself, being human serum albumin, is not rapidly 

IS degraded by vascular enzymes and reagents such as 

glutaraldehyde do not form readily biodegradable bonds 
with the protein. 

The present invention is based on the concept f 
20 crosslinking the protein shells of microbubbles to 

introduce biodegradable linking groups, thus providing 
ultrasound contrast agents with adequate stability for 
the duration of ultrasound visualisation but sufficient 
biodegradability to permit rapid elimination 
25 subsequently. 

According to the present invention, therefore, we 
provide ultrasound contrast agents comprising 
microbubbles of gas or a gas precursor encapsulated in a 
30 shall of protein cross linked with biodegradable 
crosslinking groupings. 

Biodegradable linkages which may be used include 
amide, imide, imine, ester, anhydride, acetal, 
35 carbamate, carbonate, carbonate ester and disulphide 
groups. At least ne such group should preferably be 
present in th crosslinking grouping. In general, any 
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•stars will ba biodagradabla particularly thosa 
containing tha grouping -co.O- r -O.co.O- . Ona 
particularly useful class of biodagradabl* ••tar 
. groupings has tha structure 
s -(Y) B .C0.0.C(R 1 8 2 ) .O.CO.(Z)„- 

(wnara Y and Z, which nay ba tha mm or diffarant, 
ara -o-, -S- or -MR?-; tha symbols n, which nay ba tha 
sama or diffarant, ara zaro or 1> R 1 and R*, which nay ba 
tha aama or diffarant, ara hydrogan atoms or carbon- 
attachad nonovalant groups or togathar rapraaant a 
carbon-attachad divalant organic group; and R* is a 
hydrogan aton or an organic group. Y and Z ara 
prafaratoly -O-. Such groups ganarally dagrada to 
•liminata a compound tf&CO and aithar form carboryl 
groups on tha rasidua or, in tha casa of carbonata 
aatars, may aliminata carbon dioxida to form hydroxyl 
groups on tha rasidua. 


r», R* and R* nay aach ba a hydrocarbyl or 
hatarocyclic group, for axampla having 1-20 carbon 
atoms, a.g. an alkyl or alXanyl group (prafarably having 
up to 10 carbon atons) , • cyeloallcyl group (prafarably 
having up to 10 carbon atoms), an aralXyl group 
(prafarably having up to 20 carbon atoms) , an acyl group 
(prafarably having up to 20 carbon atoms) or a 
hatarocyclie group having up to 20 carbon atoms and on. 
or morm hataroatoms salactad from 0,S and H> such a 
hydrocarbyl or hatarocyclic grouping may carry ona or 
mora functional groups such as halogan atoms or groups 
of tha formulaa -NR^,-<»NRV,-ORVSR* and -C00R7, whara 
r* and R», vnich may ba tha sama or diffarant, ara 
hydrogan atoma, acyl groups or hydrocarbyl groups as 
d.f in- for R' and R*; * is • hydrogan atom or an acyl 
group or a group a. daf inad for or a* * * • 
^drog« atom or a group a. daf inad for or *, vnar. 
r» and R* raprasant a divalant grouping, this may for 
oxampla ba an alkylan r allcanylan. group (prafarably 
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30 


33 


having up t 10 carbon atoms) which nay carry n« or 
mora functi nal gr ups as dafinad abova. In ganaral R 1 
and R* ara prafarably hydrogan or small groups such as 
C,. 4 alkyl groups. 

5 

Tha protaln coaponant can ba any protaln or 
darivatlva tharaof including polyanino acids. Albuain, 
galatin and £ -globulin ara raprasantativa compounds. 
Tha protaln, for instanca albumin, can ba obtained ffr a 
10 biological sourcas, for axampla from human or animal 

blood, or producad by a lovar organism using racombinant 
tachnology. A typical mathod for praparation of human 
aarum albumin by farmantation is dascribad in HO 9002808 
(Dalta Biotachnology Ltd.). 

15 

According to a furthar faatura of tha invantion, va 
provida a procass for tha praparation of microbubbla 
ultrasound contrast agants in which a gas or a gas 
precursor is ancapsulatad in a protein which is 
20 crosslinks* vita biodagradabla crossl inking groups. 

Tha crosslinking of tha protaln can ba affactad 
bafora, during or aftar ancapaulation. It is prafarrad 
to ancapsulata, a.g. by forming microbubblas, first and 
25 to af fact crosslinking subsaquantly. 

Tha crosslinking agant may bo a compound of tha 
formula (X) 

a'-x-A* (I) 


vhara X is a linking group containing ono or mora 
biodagradabla linkagas and tha groups A 1 and A s , which 
may bo tha saaa or diffarant, ara functional groups 
raactiva with protains. 

Th group X may carry furthar groups raactiva with 
protains to provida an avan graatar dagraa f crosslinking. 
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Praf.rably, tha group X ahould hava a chain langth 
of not mors than 30 at a». 

Th. group X nay thus ba of tha form 

-R»-E-R 9 - 
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vhar. R« and R» , which «Y b. th. or diffrant, ar. 

divalent organic group., for a*a»pla allcylan. or 
aUcylid^na group, having 1-12 carbon atcm., which «y 
carry group, rwctiv. with protein, and/or furthar inert 
group., and th. group 8 i. an -tar grouping, for 
exaapl. of th. formula -O.C0-, -O.CO.O- qr 
- (Y)n .CO.0.C(RV).O.CO.(Z) B - a. dafinad abova. 

CroaalinXing agent, of tha formula 

V.F*. (Y^.CO.O.C^R 2 ) .0.C0. (2)„.R • * 

maaning. »ay ba prap«r- by raaction of an «cU ot th. 
forH uir^.R*.(Y) B .CO.OH or a for. thareof in which* and 
Zf oth«r r~cti~ group. «r. P~t~t- (or . funeti nal 
o^ivativ. tharaof) with a expound of th. fo««la 
1-1 cfR^.L* whara L 1 i. a leaving group «ch a. a 
J£~:L or ^loxy or tcyloxy and U • groupa. 
£«Ld for L* (giving a -y-.trical di-~t~> or a group 
of th. formula -0.CO. W n .*>.# or a prot^d for. 
tn.raof, if n~-"ry follow^ by daprotection Th. 
junctional <Urivmtiv. of th. acid «Y for a*»l. b. a 
^7^. th. Pota..iu. ~lt. ^. a 
n ^ lly b. carri^ out in .olution, for 
polar aol^ ruch a. di^thylfor^id.. 
™ ™m. for A* udl^yb. the. conventional in th. 
30 STZL* Proving group, for ald^yd.. includ. 

actai., ..g. cydi« 9ttCh M dioxolan " 

Th. 


c-p«~ i.'.c(itW).o.eo.(«..» > .^ «"»"^ 
ruction with a 

c< _ oga d ft* f r«li» H»l. CO. <!)„.*". A l""" 
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such as pyridine. 

Apart from aldehyde groups, which ara preferred, 
tha groups A 1 and A 2 nay ba activated carboxyl groups, 
5 such as N-hydroxy aucc iniaidy 1 groups (aspacially vatar 
aolubility-enhanced sulphonatad H-hydroxyauccinimidyl 
darivativas) , imidoesters, halo-nitroaryl groups, 
nitrana precursor groups such as aaidophenyl, carbane 
precursor groups, ketone groups, isothiocyanate groups 
10 ate. 

Any biocompatible gas say be employed in the 
contrast agents of the invention, for example air, 
nitrogen, oxygen, hydrogen, nitrous oxide, carbon 

15 dioxide, helium, argon, sulphur hexafluoride and low 
molecular weight optionally fluorinated hydrocarbons 
such as methane, aeetylehe or carbon tatra fluoride. Th 
gas may be free within the microbubble or may be trapped 
or entrained within a containing substance. The term 

20 "gas" as used herein includes any substance in the 
gaseous form at 37 *C. 

Gas precursors include carbonates and bicarbonatas, 
e.g. sodium or ammonium bicarbonate and aminomalonate 
25 asters. 

For applications in echocardiography, in order tc 
panic free passage through the pulmonary system and t 
achieve resonance with the preferred imaging frequency 

30 of about 0.1-13 MHz, it may be convenient to employ 

microbubbles having an average sise of 0.1-10 im, e.g. 
1-7 im. Substantially larger bubbles, e.g. with average 
sixes of up to 500 pm, may however be useful in oth r 
applications, for example gastrointestinal imaging r 

33 investigations of the uterus or Fallopian tubes. 

As indicated above the microbubbles may be 
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stabilised by incorporati n of particulate Batarial 
together with th encapsulated gas. Such particles 
include, for example, silica and iron oxide. The 
prafarrad particla aiza for such stabilising particlas 
5 is in tha ranga 1 to 500 im, dapanding on tha aiza of 
tha aicrobubblas. Tha particlas should ba such that 
thay ara only partially wattad by tha fluid medium usad 
to disparsa tha micallas, i.a. tha contact angla between 
tha matarial of tha particlaa and tha fluid should ba 
10 about 90 degrees. 

Tha stabilising particlas nay carry functional 
group, vhieh will intaract with tha protain to for. 
covalant or othar linkages. Colloidal silica particlaa 
nay hava a particla aiza in tha ranga 5-50 n* and may 
carry silanol group, on th. surfaca which ara capabla f 
intaraction with th. protain by hydrogan bonding or by 
forming covalant bond. 

Tha proton may stabiliza th. gam or gas pracurs r 
by forming • monolayer at tha interface between th. 
liquid medium and tha gam or gas precursor system, or by 
forming vesicles consisting of on. or more bUayars 

con^^iti^ th. gas or gas precursor. 


15 


20 


25 


The stabilisation of the system by monolayers r 
the formation of the vesicles may b. activated, as fully 
described in th. literature, by sonication or even 
.taking of th. protein material mixtor. in th. 
30 approprimt. madi«>, or the vasicle. may be for— by any 
conventional llvo*amm/v-Lcl~tornl*q principl.. 

The stabilized aicrobubblas may be dried or freeze- 
dried or th. non-aqueous phas. may be .vaporatsd. Th. 
35 resulting dried sirf. «y be re«.p«dad im amy 
physi logical accaptabl solvent such a salin. or 
phosphat. buffar, opti nally using • suspending r 
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emulsifying agent. 

A gas entrapped eye tea nay be obtained by using a 
gas precursor or the gas itself say be entrapped. The 
5 gas may be entrapped into the amphiphile mixture simply 
by vigorously shaking the mixture in the presence of 
air, i.e. creating a gas- in-liquid emulsion as described 
in US-A-4684479. Another veil established method, 
described i.e. in OS-A-4774958 for creating a gas- 

10 containing bubble is by sonication of the mixture in the 
presence of air. Another veil known method is passing 
the gas through a syringe into the mixture of the 
protein and the liquid. As described in US-A-3900420 
the sicrogas-emulsion may be created by using an 

15 apparatus for introducing gas rapidly into a fast- 

f loving liquid. A region of lev pressure is created in 
a liquid containing the protein material. The gam is 
then introduced to the region of lov pressure and the 
gas-in-liquid system is obtained by pumping the liquid 

20 through the system. 


By using the principle of electrolysis it is 
possible to generate the! gu to be entrapped directly in 
a container containing the protein material. The 

25 electrolytes necessary for the electrolysis say even 
help to further stabilise the protein material. An 
aqueous solution containing electrolytes may generate 
hydrogen gas at the cathode and oxygen at the anode. 
The electrodes may bo separated by a salt bridge. On 

30 adding hydrazine nitrogen gas may be generated at the 
anode. Using the Kolbe reaction, one say also generate 
CO, fros carboxyllc acids using electrolysis. 

As described above, microbubbles say be obtained by 
35 f rmin? liposomes r vesicles c ns is ting f one r more 
bilayers. These v sides say be f rmed at elevated 
pressure conditi ns in such a vay that the gas is 
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10 


en 


trapped in the v siclss. 


in on* procedure according to the invention, 
encapsulation is ef f actad by agitation or sonication f 
the protain in an aquaous madiua to yield a protein f am 
which is dried and thereafter suspanded in a solution of 
the crosslinking agant in a polar organic solvent (a.g. 
a sulphoxida such as dimethyl sulphoxide) which is 
capabla of watting tha protain foam. 

Thm following Bxamplas arm givan by way of 

illustration only: 


20 


25 


30 


35 


1S fi fl^vlene f oravl acataf ) 

Thm praparation of thm starting matmrial, thm 
dioxolan-protactmd aldahydm mmthyl o-formylacetmtm, im 
described by T. HomoJcava it ttl. J. Org. Cham. Soc. 51* 
(1987) 1758-1764. Thm protmctmd aldmhydm (6.0 g, 3.75 
mmol) im trmatmd with a mixturm of 2« agumous potassium 
hydroxide and tatrahydrofuran 20:80 (v/v) at reflux for 
8 hours. Thm pH is adjustad to 8 using diluted HC1, and 
thm mixturm im mvaporatmd to drynmss. Thm solid is 
aixod with 100 al frtmhiy distUlad and drimd 
diamthyl***a«idm, and attar 30 minutmm at 60-C thm 
undissolved matmrial is flltmrmd off. Oiiodommthanm 
(150 al, 1.87 mmol) is added dropvlsm during 5 mixmtmm 
to thm .olution at 60«C a. dmmcribmd in WO 89/00988 pagm 
13 (HYC0KBD AS) . Thm precipitate is removed by 
filtration after stirring for 4 days, and thm solvmnt 
removed at raducmd prmssurm. Thm dloxolan protection im 
roovd as describad by P. A. Griaco ifijl. J- A.. Cham, 
soc. 22-. (1977) 5773-5780 - thm rmsldum i- di "°^- d J^ | 
Lranydrofuran (60 ml,, 5% aqu~us HC1 (20 .1) i. 
and thm nixturm i. stirrmd f r 20 hour, at ambimnt 
tmapmraturm. Tha rmacti n mixturm i- mvaporatmd to 
Jyn^ undmr rmducmd pr~.ur to yiald th. titl* 


W091/17213 


- 13 - 


PCT/EP92/007M 


compound. 

M«i-h y l«n« dlnethaCTvlato 
5 A solution of potassium hydroxide (1.00 K, 40.00 

ml) is addsd to methacrylic acid (3.44 g, 40.00 mmol) at 
0*c and the solution freeze driad for 16 hours. Dry 
dimethyl formamide (330 ml) is addad and tho euspensi n 
haatad to 60 *C undar a dry nitrogan atmosphara. 

10 Diiodomathana (1.61 ml, 20-. 00 mmol) is addad in two 
portions during 10 min. and the reaction mixture laft 
for 4 days at 60 *C. Tha solvant is ramovad undar 
raducad prassura (O.OS mm Hg), bsfors diathyl athar (140 
ml) , saturated aqueous sodium hydrogen carbonate (50 ml) 

15 and watar (50 ml) are addad. Tha aqueous layar is 
extracted with diathyl athar (6 x 60 ml) and tha 
combined athar extracts washed with watar (4 x 50 ml), 
driad (KgS0 4 ), and evaporated to give 2.63 g (72%) f tha 
^i- ggmOU nd. 'H RUR (60 MHS, CDC1,) : t 1.97 (2 X CH,, 

20 m), 5.63 (2 X H-C-, a), 5.88 (CH,, S) , 6.18 (2 X H-C-, 
m). IR (filB, CS' 1 )* 2987 (¥) , 2962 (W) , 2930 (W) , 1732 
(str) , 1638. (W) , 1454 (W) , 1315 (W) , 1295 (w) , 1158 (w) , 
1100 (str) , 1012 (m) , 989 (m) . This product may be used 
in accordance with tha invention, for example to 

25 crosslink acrylaside polymers. 

P reparation 3. 

tttttlY , ™« dlaervlaf 

h solution cf potassium hydroxide (1.00 M, 40.00 

30 ml) is added to acrylic acid (2.88 g, 40.00 mmol) at 0*C 
and the solution freeze dried for 16 hours. Dry 
dimethylformamide (200 ml) is added and the suspensi n 
heated to 60 # C under a dry nitrogen atmosphere. 
Diiodomethane (1.61 ml, 20.00 mmol) is added in two 

35 portions during *-0 min. and the reaction mixture left 
f r 4 days at 60 *C. The solvent is removed under 
reduced pressure (0.05 mm Eg), bef re diethyl ther (140 
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al) , saturated aqua us sodium hydrogan carbonata (50 ml) 
and vatar (50 ml) ara addad. Tha aqueous layar ia 
extracted with diethyl ether (6 x 60 al) and tha 
coabinad athar extracta waahad with watar (4 x 50 al) , 
5 driad (MgS0 4 ) , and avaporatad to give 1.06 g (34%) of tha 
r1 t | 1» emmetind . 1 H HMR (60 MBS, CDCl,) : S 5.81-6.61 (2 X 
CH, - CH-, a), 5.84 (CHj, a). This product aay ba uaad 
in accordance with tha invention, for axaapla to 
crosslink acrylic acid and aathyl acrylata polyaers. 


10 


Prfipnr»* 4QTI 4 

ffl i1n m iii ft* >w ' L ^ -Tnftt h,ICTVl qY'' tMtv ^ athvl ca^po"*** 

Pyridine (0.89 al, 11.00 aaol) ia addad dropwise to 
a solution of chloroaethyl chloroforaata (0.89 al, 11.00 

IS aaol) and 2-hydroxyethyl methacrylata (1.22 al, 10.00 
amoD in dichloroaathana (12 al) at 0'C undar a dry 
nitrogen ataoaphere. After 21 houra at 20«C tha 
reaction aixture ia washed with hydrochloric acid (1.00 
K, 10 al) , saturated aqueous sodiua hydrogen carbonate 

20 (10 al) and watar (10 al) . Tha organic phase ia dried 
(KgS0 4 ) and tha aolvant avaporatad undar reduced preeaure 
(10 an Hg) to give 1.97g (88%) of tha tUlt SQBPanfl. 1 H 
HMR (60 MBS, CDC1,): S 1.88 (CH,, d, J-2 BS) , 4.35 (O- 
CEj-CBy-O, a), 5.47 (H-C-, a), 5.63 (CHj-Cl, s), 6.00 (H- 

25 C-, a). 


30 


35 


1flrYlf7Y iow>^Yl «e^aarv1evloxvaathYl carbona*! 
A aolution of potassium hydroxide (1.00 M, 5.00 al) 
is added to nethacrylio acid (0.43 g, 5.00 aaol) at 0»C 
and the aolution freeze dried during 16 houra. Dry 
diaathylforaaaida (50 al) is added and to the resulting 
suspension is added chloroaethyl (2-aethacryloyloxy) 
•thyl carbonate (1.11 g, 5.00 aaol). 18-Crown-« (0.064 
«, o.2S aaol) I* added as a catalyst and the reaction 
1 ft under a dry nitrogen ataoaphere. after 24 hours at 
20-C and 6 days at 4«C the a lvent is removed under 
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reduced pr aaure (0.05 mm Hg) and diethyl ther (30 ml) 
and vatar (20 ml) addad. Tha aqueous layar ia extracted 
with diathyl atbar (3 x 20 ml) and tha comblnad athar 
extracts vaahad with vatar (20 ml) , drlad (MgS0 4 ) and 
5 avaporatad to giva 1.26 g (93%) of tha tttia eo mnuM . 
'H NHR (60 MHZ, COClj): S 1.97 (2 x CH,, a), 4.38 (O-CH,- 
CHj-O, m), 5.53 (2 X H-C-, a), 5.77 (CH,, a), 6.07 (2 X 
H-C-, m) . 

10 Preparation 6 

Fthvlana bis (chloromathvl carbonatal 

Pyridina (0.89 ml, 11.00 mmol) is addad dropvlaa to 
a solution of chloroaathyl chloroformata (1.32 ml, 14.83 
mmol) and athylana glycol (0.28 ml, 5.00 mmol) in 

15 dichloromathana (10 ml) at 7*c with good stirring undar 
a dry M 2 atmoaphara. Aftar 15 min. at 7*C and 6 hours at 
20 "C tha raaction mixtura is transfarrad to a aaparating 
funnal with tha aid of dichloromathana (10 ml). Th 
raaction mixtura is vaahad with hydrochloric acid (1.00 

20 M, 10 ml) , saturatad aqueous sodium hydrogan carbonata 
(10 ml) and vatar (10 ml). Tha organic phass is driad 
(MgS0 4 ) and tha solvant avaporatad undar raducad prassura 
to giva 1.12g (90%) of tha tltla product. 1 b KMX (300 
MHS, COCl,)t S 4.48 (8, O-CHjCHj-O) , 5.75 (a, 2 X Cl-CHj- 

25 0) . °C NMR (75 MHz, CDC1,) X 6 65.8 (O-CHjCHj-O) , 72.2 (2 
X Cl-CHj-O) , 153.0 (2 X OO) . 

Pruaration 7 

m . /a-ghloro««thowearbonvloxvathvl 1 athar 
30 Pyridina (0.89 ml, 11.00 mmol) is addad dropvisa t 

a solution of chloroaathyl chloroformata (1.32 ml, 14.83 
mmol) and diathylana glycol (0.47 ml, 5.00 mmol) in 
dichloromathana (10 ml) at TC with good stirring undar 
a dry H, atmoaphara. Aftar 10 min. at 7*c and 6 hours at 
35 20*C tha reaction mixtura is transfarrad to a separating 
funnal with tha aid of dichloromathana (10 ml) . Tha 
raaction mixtura ia vaahad with hydrochl ric acid (1.00 
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H, 10 ml) , saturated aqueoua eodium hydrogen carbonate 
(10 ml) and water (10 ml) . Tha rganlc phaa ia dried 
(HgS0 4 ) and tha aolvant avaporatad undar reduced preaeure 
(10 mm Hg) to giva 1.26 g (86%) tlltll nfflflict. 'h nmr 

5 (300 MHZ, CDCl,): S 3.72 (m, 2 X CH,-0) , 4.34 (m, 2 X 
2H-O-C-0), 5.71 (a, 2 X Cl-CayO). «C NKR (75 MHz, 
COd,): S 67.6 (2 X CH,-0) , 68.5 (2 X £3,-0-00) , 72.1 (2 
X Cl-CEj-O), 153.2 (2 X C-0). 

Pyridlna (0.89 ml, 11.00 mmol) ia added dropviae to 
a aolution of l-chloroethyl chlorof ornate (1.20 ml, 
11.00 mmol) and 2-hydroxyethyl methacrylata (1.22 ml, 

13 io 00 mmol) in dichloromethane (13 ml) at 3'C undar a 
dry H, atmoephere. After 15 min. at 3'C and 17 hour, at 
20-C tha reaction mixture i- tranafarred to a aeparating 
funnel with tha aid of dichloronethane (10 ml) . The 
taction mixture ia vaahed with hydrochloric acid (1.00 

20 M, 10 ml) , maturated aqueoua medium hydrogen carbonate 
(10 ml) and water (2 x 10 ml). The organic phaee ia 
dried (MgS0 4 ) and the aolvant evaporated under reduced 
preaaure to give 1.76g (74%) of the tltll Product . H 
NMR (60 KHS, CDCI3): S 1.85 (3 H, d, J-« Hi, CHyCH) , 

25 l.fl* (3 H,d. J-2 HI. CH,-C-), 5.55 (1 H, », CH-) , 6.10 (1 
H. », CH-), €.38 (1 H, K, J«« Hi. CE-CH,) . 


30 


35 


£rjB&ra£lfln_2 

^.i^rwfth Y l a— erviovloYvbntyl fflirponatl 

Pyridine (0.89 ml, 11.00 mmol) i. added dropwiaa to 
a aolution of chloromethyl chloroformate (0.98 ml, 11.00 
amol) and 4-hydroxybutyl acrylate (1.38 ml, 10.00 mmol) 
ia dichloromethane (12 ml) at 3«C under a dry H, 
atmosphere, httmr 15 In. at 3'C and 17 hoar, at 20-C 
the reaction mixture ia tranafarred to a aeparating 
runnel with th aid f dichl romethane (10 ml). The 
reaction mixture ia waahed with hydrochl rio acid (1.00 
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M, 10 al), saturated aqueous sodium hydrogen carbonate 
(10 ml) and vat r (2 x 10 ml). Th rganic phase is 
dried (MgS0 4 ) and the s lvent evaporated under reduced 
pressure to give 1.76g (74%) of the HtT product. 1 H 
5 NMR (60 MHZ, CDCl,) : S 1.82 (4 H, a, CHj-CH,) , 4.27 (4 H, 
a, 2 X CH,-0), S.77 (2 H, s, Cl-CH,-0) , 3.8-6.7 (3 H r a, 
CH-CHj) . 

Pr.n»r«ttQn 10 

10 t-ghioroeth vi 4-acrviovioxvbutvl carbonate 

pyridine (0.89 al, 11.00 aaol) is added dropvise t 
a solution of 1-chloroethyl chloroforaate (1.20 ml, 
11.00 aaol) and 4-hydroxybutyl acrylate (1.38 al, 10.00 
aaol) in dichloroaethane (12 al) at 3*C under a dry W, 

13 atmosphere. After 13 ain. at 3 "C and 17 hours at 20«C 
the reaction mixture is transferred to a separating 
funnel with the aid of dichloroaethane (10 al) . The 
reaction mixture is washed with hydrochloric acid (1.00 
M, 10 ml) , saturated aqueous sodium hydrogen carbonate 

20 (10 al) and water (2 x 10 al) . The organic phase is 
dried (MgSOJ and the solvent evaporated under reduced 
pressure to give 2.26g (90%) of the title product. 'H 
NMR (60 MHX, CDClj): * 1.80 (4 H, a, CHj-CH,) , 1.86 (3 H, 
d, J-3 Hs, CH,), 4.24 (4 H, a, 2 X CH,-0) , 3.7-6.6 (4 H, 

25 a, CH-CH, and CH) . 

pr. MW itlon 11 

H-MaBuCTvinviawtttvi a-M thnerviavimtvithvl carbonate 
1-Chloroethyl 2-nethacryloyloxyethyl carbonate 

30 (l.l»3g, 3.00 aaol) prepared as described in Preparation 
8 is added to a suspension of f reese dried potassium 
aethacrylate (0.683 g, 3.50 aaol) and l8-crovn-6 (0.066 
g, 0.23 aaol) in dimethyl foraaaide (30 al) under a dry N, 
atmosphere. After 3 days at 20 *C the solvent is removed 

33 under reduced pressure and the residue dissolved by 

adding dichl romethane (60 al) and water (30 ml). After 
s parmting th» phases the aqueous layer is extracted 
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with dlchl romathana (3 x 30 ml) and th conbinad 
rganic phas waahad with aaturatad aquaoua sodium 
hydrogan carbonata (SO ml) . Tha organic phaaa la driad 
(MgS0 4 ) and tha aolvant ramovad undar raducad praaaura t 
5 giva 1.10g (77%) Of tha *4*1« product. 'H NMR (60 MHZ, 
CDCl,): * l.«3 (3 B, d, J-5 Bs, CBj-CH), 1.98 (6 H, a, 2 
X CH,), 4.42 (4 B r S, O-CHj-CHj-O) , 5.62 (2 H, a, CH") , 
6.15 (2 B, *, CB-), 6.84 (1 H, k, J-5 BS, <*-CBj) . 

10 pmpar" feion 12 

ftnrr1flY i«w»«thvi A-wCTviovioxvbutvl carbonata 

Chloromathyl 4-acryloyloxybutyl carbonata (1.183g, 

5.00 mmol) praparad as daseribad in Praparation 9 is 

addad to a auspansion o£ fraaza driad potaaaiu* acrylata 

15 (0.606 g, 5.50 mmol) and 18-crown-6 (0.066 g, 0.25 mmol) 
in diaathylformamida (50 ml) undar a dry H, atmoaphara. 
Aftar 5 daym at 20*C tha aolvant is ramovad undar 
raducad praaaura and tha raaidua disaolvad by adding 
dichloromathana (60 ml) and vatar (30 ml) . Aftar 

20 saparating tha phaaaa tha aquaoua layar is axtractad 
with dichloromathana (3 x 30 ml) and tha combinad 
organic, phaaa vaahad with aataratad aquaoua aodium 
hydrogan carbonata (50 ml) . Tha organic phaaa ia driad 
(MgSO^ and tha aolvant ramovad undar raducad praaaura t 

25 giva 1.249 (91%) of tha tltll PgflfiMt* 1 H KM* (60 MBS, 
COCl,)* « l.M (4 B, m, CHj-CHj), 4.23 (4 B, a, 2 X CS,- 
O), 5.88 (2 1, s, O-CBj-O), 5.7-6.8 (6 B, 2 X CB-CB,) . 

30 T- ft^rvlovl o ffYf^ 1 A-acrrvlovloXYbutVl gflrtfllWf 

1-Chloreathyl 4-acryloyloxybutyl carbonata (1.253g, 
5.00 mmol) praparad aa daacribad in Praparation 10 ia 
addad to a auapanaion of fraaxa driad potaaaium acrylata 
(0.606 q, 5.50 mmol) and 18-crown-6 (0.066 q. 0.25 mmol) 

35 in dimathylforaamida (50 ml) undar a dry H, atmoaphara. 
Aftar 5 day* at 20'C th aolvant ia ramovad undar 
raducad praaaura and tha raaidua disaolvad by adding 
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dichl roaathana (60 ml) and vatar (30 ml) . Aftar 
saparating tha phaaaa tha aquaoua layar la axtractad 
with dlchloroaathana (3 x 30 ml) and tha comblnad 
organic phaaa vaahad with saturatad aquaoua sodium 
5 hydrogan carbonata (50 ml) . Tba organic phaaa la driad 
(MgS0 4 ) and tha aolvant ramovad undar raducad praaaur t 
giva 1.28g (89%) Of tha fclfcl* product. 'H NMR (60 MHz, 
C0C1,): 6 1.58 (3 H, d, J-5 HS, CHj-CH), 1.80 (4 H, a, 
CHj-CH,), 4.24 (4 H, m, 2 X CH,-0) , 5.7-6.7 (6 H, a, 2 x 
10 CH-CHj), 6.87 (1 H, K, J-5 Bs, C8-CB,) . 

preparation 14 

a) w^hvlan* 3-dl»thflYVPrmloMta) 

casius 3 , 3-dimathoxypropionata (19.95 g, 75 mmol) 

IS is addad to dry CMP (1000 ml). Oiiodomathana (10.04 g, 
37.5 mmol) ia addad to tha auspansion and tha raacti n 
aixturo ia atirrad for 2 daya at 60 "C undar a dry W, 
atmosphara. CMP ia ramovad undar raducad praasura (0.01 
mmHg). Diathyl athar (500 ml) is addad to tha raaidu , 

20 which ia than vaahad vith aaturatad aquaoua aodium 
hydrogan carbonata (250 ml) . Tha aquaoua layar ia 
•xtractad with diathyl athar (5 x 75 ml) . Tha combinad 
athar axtracts arm vaahad vith vatar (2 x 100 ml) , driad 
(MgS0 4 ) and avaporatad to giva 7.1 g (72%) product. 'H 

25 NMR (300 MBS, CDCl,) : 9 2.61 (CB,, d) , 3.26 (CH,, a) 

Mathylana bis (3, 3-dimathoxypropionata) (14.01g, 50 
mmol) praparad as daacribad in (a) abova and a catalytic 

30 amount of p-toluana aulfonio acid ia addad to toluana 
(250 ml) . Tha mathanol is ramovad by warming thm 
reaction undar an H, atmosphara. Whan tha raaction i» 
complata tha toluana ia distillad off undar raducad 
praasura. Diathyl athar (250 ml) Is addad and tha 

35 mixtura is vaahad vith saturatad aquaous aodium hydrogan 
carbonata (5x50 ml) and vatar (3x50 ml). Tha rganio 
layar is driad (MgS0 4 ) baf r avaporati n to giva 8.52g 
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(79%) product. 'H NMR (300 MHZ, CDCl,) : * 3-«S (2 X CH,, 
a), 5.2 (2 X CH, d), 5.8 (O-CHj-O), 7.65 (2 X CH,, d) . 

10-Undacylanic acid (12.75 g, 75 «ol) i» diaaolvad 
in 100 al v»tar. Caaiu* carbonata (13.04 g, 40 mol) i« 
addad to tha mixtura. Tha vatar i. «ov«i undar 


raducad praaaur. and th. aalt driad for 2 hour, la 
10 asuft. Tha caaiu» «ltl.^d with 11 

diiodomathana ia addad to th. aoltttion. Tha raacti n i. 


20 


ml OMF and 


stirrad for 3 daya at 60«C undar an N, it«ifk«. » 


15 (8:2) 


i, than raaovad undar raducad praaaura. Tha raaidua U 

purif iad through ailica gal with haxana/ athyl 
(8:2) aa aluant. Tha aolvant i. avaporatad to giva 7.18 
(54%) product. <H HMR (300 KHz, CDClj) 8 * 1.2-1.4 (10 
X CH,, J , (2 X CH,, ■) , 2.0 (2 X CH,, .) , 2 19 (2 X 

h2. „. ts c ( 3oo kbs, coa,). t 24.92-33.98 (e 

CH,)', 79.04 (0-CH,-0>. 114. !• ("<=!>» 13 9 * 11 (-CH) ' 
172.48 (C-O). 


X 

X 



K.tfiyl»n. bi.(10-und.c«Mt.) (».H. « 

.^Hr. to «thyl«. chlorid. — <~>1- » 0 «=• 
^2lo«op«b«».ie acid 55% (W.TS,. 5. — 11 1- «»- 

tT^yi". <»» ■« — «*• — 

^xatL »d dril (W0.>. Th. «.t«hl.™p«*«» 1° 

5 hour. th. paction la oaplrt.. Th. Bixtur. 1. 
with «tu»t- — -Jf «" »» , 

.!>. Th. r^nlo l.y« i. PTU1- » »«t»l .l-lnl™ 
Th ,l,«tur^-^r^^«~r. t 

ylld ..45, («*) Product. <H »n (J00 HH.. CDO,). « 
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1.2-1.7(14 X CH,, a), 2.35(2 X CH,CO,t), 2.43 (2 X CH,q), 
2.73 (2 X CH,q), 2.90 (2 X CH,n) , 3.73 (0-CH,-0) . «C 
NMR (300 MBS, COClj) : 4 24.58 (CH,) , 23.99 (CH,) , 28.94 
(CH,), 29.09 (CH,), 29.32 (2 X CH,) , 32.43 (CH,) , 33.92 
5 (CH,), 47.06 (CH,-0), 52.36 (CH-O) , 79.06 (0-CH,-0), 
172.2 (C-0). 

■"»"v1im himtA-m nowMntanoatt 1 

10 Hatachloroparbanxoic acid (13.68 g, 55%, 50 vmol) 

is dissolved in mathylana chloride (200 ml) . Vatar ia 
saparatad and tha organic layar ia driad (MgSOJ . Tha 
raaulting satachloroparbanaoic acid solution is addad 
dropwiaa to mathylana bia(4-pantanoata) (4.10 g, 19 

15 mmol) dissolvad in mathylana chlorida (50 ml) . Tha 

mixtura is stirrad at aabiant tamparatura undar nitrogan 
for 12 hrs, vharaaftar tha raaction mixtura ia vashad 
with aaturatad aquaous sodium bicarbonata solution (50 
ml) , watar (30 ml) , driad (MgS0 4 ) and avaporatad to giv 

20 3.6lg (78%) of tha H»i a e«mouiid as a crystallina 

product. 1 H KMR (300 NHS, COC1,) t t 1.70-1.85 (2xCH,m) , 
1.95-2.10 (2X CH,m), 2.50-2.53 (2XCH, 2xCH,,») , 2.75 
(2XCH,t), 3.0 (2XCH,m), 3.8 (O-CHj-O, •) . °C KMR (73 
MHz, CDCl,)! S 27 (2XCB,) , 30 (2XCH,), 47 (2XCH,) , 51 

25 (2xCB) , 79.1 (O-CHj-O), 171.8 (2XC-0) . 

prsjiiratlon 17 

MUftlY 1 ™* htafa-butanoata \ 

Vinylacatic acid (4.3 g, 50 mmol) ia addad to an 

30 aquaous casium carbonata aolution (50 ml) . Tha mixtura 
is stirrad for 5 min. and than avaporatad, and tha 
rasidua is driad undar vacuum for 2 hrs. Tha rasulting 
casium salt and diiodomathana ara addad to 
diaathylforaamida (200 ml) and tha mixtura is stirrad 

35 for 24 hrs. at 50 # C undar nitrogan, wharaaftar tha 
dimathylf rmamida is ramovad undar raduead praasura. 
Tha r aidua is diss lvad in di thyl thar (100 ml) and 
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washed with saturated aqua us sodium bi carbonate (25 ml) 
and vater (25 ml) . The organic layer is dried (MgSO«) 
and evaporated to give 1.32 g (29%) product. 'H MMR (300 
MHZ, CDClj): S 1.9 (2xCHj,m), 5.8-5.9 (2xCH,m) , 5.9 
5 (0CHj0,S), 7.0-7.1 (2xCH,s). 

p^p^tlon 18 

ttflthY 1 blsfrtiloroacaftrti) 

Chloroacetic anhydride (12.75 g, 75 mmol), 

10 paraformaldehyde (2.25 g, 75 mmol) and cone, sulfuric 

acid (15 drops) are added to methylene chloride (15 ml). 
The mixture is stirred for 24 hrs. at 50'C under 
nitrogen, whereafter the reaction mixture is extracts* 
with saturated aqueous potassium carbonate until carbon 

15 dloxids emission ends. Ths organic layer is dried 
(KgS0 4 ) , evaporated to dryness and the residue is 
distillad (80*C, 0.15 mmEg) to yield 10.2 g (57%) 
product. 1 H HHR (200 MBs, CDCl,) : * 4.1 (2x0^01,8), 5.9 
(CB,,s). 15 C Km* (200 KBS, CDCl,) : S 41.1 (CHjCl) , 81.4 

20 (O-CHj-O), K6.4 (CO). 

ttltl!Y , ™« hief4-mmnsntanQatH 

4-Oxopentanoic acid (11.6 g, 100 mmol) is dissolved 

25 in acetonitrile (70 ml), and 1,8- 

diaxabicyclo [5.4.0] undec-7-ene (15.25 g, 100 mmol) 
diluted with acetonitrile (30 ml) i* added. 
Diiodomethane (13.4 g, 50 mmol) is added in one batch, 
and ths reaction mixture is ref luxed under a nitrogen 

30 atmospherm. After 2 hours, gas chromatography indicates 
full consumption of diiodomethane. The solvent is 
removed In w * eno residual brown oil is 

transferred to a separation funnel with ethyl aeetats 
(200 ml) and vater (75 ml). The organic phase i« washed 

35 with m aodlmi bicarbonate <2S ml) and water (3 x 25 
■1), dried over KgS0 4 , and the s lvsnt is removed in 

xaaift to yiaid the ntli cqiPffln* (io g). * mt t 2.19 
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(2 X CHj, s) f 2.760-2.804 (2 X CH,, t) , 2.600-2.645 (2 X 
CH,, t>, 5.735 (CHj bridge, •) . 

M«*hvl«ne b< « f «uecinlnldvla«elate 1 
5 l- (3 -Dimethyl aainopropyl) -3-ethylcarbodiimide 

"hydrochloride (1.49 g, 7.71 mol) was added in portions 
to a stirred solution of methylene bis (hydrogen azelate) 
froa Example 25 (1.00 9, 2.57 amol) and H- 
hydroxysucciniaide (0.89 9, 7.71 amol) in dry 

10 diaethylforaamide at ambient temperature. After 20 
hours stirring, the reaction mixture was poured into 
ice-water and the product precipitated as an oil. The 
colourlass oil was dissolved in diethylether (50 ml) , 
washed with water (3x10 ml) and dried over MgS0 4 . The 

15 solvent was removed under reduced pressure and hexane (5 
al) was added to the oily product. After seven days 
storage at 4'C the oil had crystallised to a white, waxy 
solid. Yield: 1.50 g (69%). a.p.: 45-47'C. °C NMR (75 
MHz, CDClj) 6: 24.42, 24.46, 25.59, 28.48, 28.63, 30.85, 

20 33.82, 79.61, 168.6, 169.30, 172.34. 

Preparation 21 

M^hviene tai«r«uipho«igglni»ldvlagelatal aodiua salt 
Methylene bis (hydrogen azelate) (0.38 g, 1 amol), 

25 N-hydroxysucciniaide aodiua salt (0.46 g, 2.2 amol) and 
dicyclohexylcarbodiimide (0.45 g, 2.2. amol) were 
dissolved in diaethylforaaaide (10 al). The suspension 
vae stirred overnight at room temperature under an 
atmosphere of nitrogen. The reaction mixture was 

30 filtered and purifiad by reversed phase chromatography 
(RP-8) with vater/acetonitrila (1:1) »• oluant to giv 
the Utl* eomoUBd - 

Pr^MMtlan 22 
3S a) phvuni fr ltf 1 " 11-aiHvd^oxvundecanoaf ) 

H-Methylaorphol ine-N-oxide (13. S g, 11 aaol) and 
aathyl n bis ( lO-undecenoata) froa Preparati n 15(b) (19 
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g, S bboI) vara diss lvad In 400 ml f a mixtura f 
tatranydrofuran and watar (3:1 v/v) . X catalytic amount 
of osmium tatroxida was addad, and tha soluti n stixrad 
at aabiant tamparatura tor 20 hours. TLC indicatad 
5 coaplata consumption of tha starting matarial. Bxcass 
sodium hydrogan sulphita and sodium chlorida vara than 
addad to tha raaction aixtura. Tha product was 
axtractad from tha rasulting aixtura with athyi acatata 
(400 ml) and tha vatar phasa vas washad with athyl 

10 acatata (3 x 50 ml) . Tha combinad organic phasas vara 
driad and avaporatad, and tha product racrystallisad 
from tatrahydrofuran to yiald 14. 5g (68%) of tha product 
as a whita solid. °C HMR (45 MHS) CDjODU 24.6-34.0 (16 
X CHj), 66.6 (2 X CHjOH), 72.3 (2 X CB0H) , 79.2 (0-CH,- 

15 0), 174.0 (2 X OO). 

b) Hit'"' 1 mn * 1** m M «-«^«c*"g«-*«* 

Mathylana bis ( 10 , ll-dihydroxyumlaranoata) (2.24 g, 

5 mmol) was dissolvad in 150 ml tatrahydrfuran. Sodium 
20 matapariodata (2.06 g, 10 mmol) was dissolvad in 150 ml 

watar and addad dropwisa to tha tatrahydrofuran 
solution. TLC indicatad full consumption of tha di 1 
aftar 60 minutas, wharaupon sodium chlorida was addad to 
tha raaction mixtura until tha two phasas saparatad. 
25 Tha watar phasa was axtractad with diathyl athar (3 X 50 
ml) . Tha combinad organic phasas was driad with 
.agnasium sulphata and avaporatad to giva tha Ufclm 
nr ^^ as an oil, 1.43 g (74%). «C HUB (45 KHs) CDC1,: 

6 21.9-43.9 (16 X CH,) , 79.1 (0-01,-0), 173.0 (»»), 
30 202.6 (2 X CS0). 


35 


1. Gas-fillsd albumin mierospharas ara praparad 
according to BP-X-0359 246 and rasuspandad to 
homogan ity by gantla rolling cm a vial rollar. 
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2. 25 ml f the suip«mi n are poured int a 25 ml 

separating funn 1 and left for 30 min. The b ttom 
20 ml are discarded. 

5 3. To the remaining 5 ml is added 20 ml of a phosphate 
buffer (20 mN KaP0 4 , pH 7.0), and the resulting 
suspension is transferred to a vial with a cap 
septum* 

10 4. The vial is centrifuged upside down at 170 x g for 
5 min. 

5. The solution underneath the microsphere layer is 
withdrawn using a syringe, and the microspheres are 

15 resuspended in 25 ml of the phosphate buffer by 10 

min of gentle rolling. 

6. Points 4 and 5 are repeated twice. 

20 7. The rmsulting suspension is centrifuged as in point 
4, and the microspheres are resuspended in the 
phosphate buffer to a final concentration of about 
5 x 10* particles per ml. 

25 8. The crosslinksr methylene bis(o-formylacetata) , 

prepared as described in Preparation 1, is added t 
thm suspension, and the crossl inking reaction is 
allowed to proceed for the desirsd time (usually 
30-60 min) under gentle rolling. 

30 

9. 1.5 M Tris-HCl-buffer (pH 8.8) is added to a final 
concentration of 0.25 N, and the suspension is 
rolled gently for 10 min. 

35 10. The vial is centrifuged as in point 4, and the 
solution underneath the microsphere layer is 
removed as in point 5. 
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IX. The microsphere* are resuspended in phosphate 

buffer (same volume as final volume in point 9) , 
and the suspension is rolled for 10 min. 

12. Points 10 and 11 are repeated twice. 

13. The resulting suspension is centrifuged as in point 
4, and the microspheres are resuspended in the 
phosphate buffer to a final concentration of about 
5 x 10* particles per ml. 

14. This final suspension of crossl inked gas/albumin 
microspheres is stored at 4'C. 


15 Bypmple 2-22 

The procedure of Example 1 is repeated using 
crosslinking agents prepared as described in 
Preparations 2-22, except that dimethyl suplhoxide is 
20 used in place of phosphate buffer in the processing of 
the gas-filled microspheres according to steps 

3-7 and the crosslinking agent is added in step 8 as a 
solution in dimethyl sulphoxide. 

29 Th* number and sixe distribution of the products 

are flat+rr *"*'* by coulter counter analysis. 
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ciAina 

1. Contrast agants for uaa in diagnostic ultrasound 
5 studias comprising aicrobubblas of gas or a gas 

precursor ancapsulatad in a protain shall charaetarisad 
in that tha said protain is crosslinkad with 
biodagradabla erossl inking groupings. 

10 2. Contrast agants as claiaad in claia 1 vharain tha 
crossl inking groupings contain biodagradabla linkagas 
salactad froa aaida, imida, imins, astar, anhydrida , 
acatal, carbaaata, carbonata, carbonata astar and 
disulphida groups. 

15 

3 . contrast agants as claiaad in claia 2 vharain th 
crosslinking groups contain biodagradabla linkagas f 

formula 

20 -(Y) w -CO-O-C(RV)-O-C0-(Z),,- 

(whara Y and Z, which aay ba tha saaa or diffarant, 
ara -O-, -S- or -NR 3 -; R 1 and R*, which aay ba tha saaa 
or diffarant, ara hydrogan atoms or carbon-attachad 
25 monovalant organic groups or togathar raprasant a 

carbon-attachad divalant organic group; R 5 is a hydrogan 
atom or an organic group; and tha symbols n, which aay 
ba tha saaa or diffarant, ara zaro or 1) . 

30 4. contrast agants as claiaad in any of tha pracading 
claims vharain tha protain is albumin, galatin or Jf- 

globulin. 

5. contrast agants as claiaad in claia 4 vharain th 
33 protain is huaan sarua albuain. 


6. C ntrast agants as claiaad in any f tha pracading 
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claim* farther c ntaining an inorganic particulate 
■tabiliaar. 

7. A process for the preparation of a contrast agent 
as claimed in claim 1 which comprises encapsulating a 
gas or gas precursor in a protein and crosslinking the 
protein with biodegradable crosslinking groups before, 
during or after said encapsulation. 

8. A process as claimed in claim 7 wherein 
crosslinking is effected after encapsulation. 


9. A process as claimed in claim 7 or claim 8 wherein 
crosslinking is effected using a crosslinking agent f 

15 formula (I) 

A 1 - X - A* (I) 

(where X is a linking group c ont aini n g one or more 
biodegradable linkages as defined in claim 2 or claim * 
20 and A 1 and A*, which may be the same or different, are 
functional groups reactive with proteins) . 

10. A process as claimed in claim 9 in which A* and A* 
are both aldehyde groups. 

25 11. A process as claimed in any of claims 8 to 10 
wherein encapsulation is effected by agitation or 
sonication of the protein in an aqueous aedium to yield 
a protein foam which is dried and thereafter suspended 

30 in a solution of the crosslinking agent in a polar 
organic solvent. 

12. A process as claimed in claim 11 in which the 
crosslinking agent im a compound of formula (I) as 
35 defied in claim 9 in which A 1 and A* are both O-linked 
sulphonated N-hydroxysuccinimidyl residues. 
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